






SUBMARINE MINES AND TORPEDOES. 593 

The boat is built to withstand an exterior pressure of 75 pounds 
to the square inch, which corresponds to dJ depth of about 150 
feet. 

The boat is provided with twin screws. 
SUBMERSION.-Submergence is effected on an even keel; when 

under way, by inclining the four hydroplanes, s Fig. 310, down:. 
ward and forward; and when the boat is �~�t�a�t �i�o�n�a�r�y� by dropping 
the anchors at each end, reducing the buoyancy to less than the 
combined weight of the anchors, and then pulling the boat down­
ward by the anch2r chains. All these operations are simply 
effected from the conning tower. 

The horizontal rudder, R Fig. 311, is used only to counteract 
the pressure of the water on the front of the conning tower when 
the boat is mnning submerged. 

The buoyancy of the boat is increased or diminished by pump­
ing water out of or into the ballast tanks. A reserve of about 
300 pounds of buoyancy is always maintained except when mn­
ning on the bottom, and the boat is held submerged either by the 
anchors or, when moving, by the water pressure on the hydro­
planes. It may be kept at any desired submergence, whether 
moving or at rest. 

For running on the bottom, wheels are provided which are 
ordinarily carried in pockets in the keel 'and which are brought 
into position under the keel by hydraulic mechanism. The 
wheels are simple rollers and the propellers move the boat, the 
chief function of the wheels being to protect the bottom of the 
boat against injury from obstacles on the bottom. 

When the buoyancy has been destroyed and when, through any 
accident to the pumps, it cannot be regained by discharging 
ballast, two sections of the keel, N Fig. 311, weighing together 
5 tons, may be dropped from the boat by the turn of a wrench. 
Should this not be sufficient to cause the boat to rise, the two 
anchors, weighing half a ton each, may be let go. As a last re­
source the crew may escape through the diving chamber. 

THE DIVING CHAMBER.-The diving chamber in the forward 
compartment is a feature of this boat that makes the boat espe­
cially valuable for submarine mine work. An air lock affords 
access to the chamber from the interior, and a downwardly-open-
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ing watertight door in the hull affords egress to the bottom. The 
diving chamber has telephonic communication with the conning 
tower. 

ARMAMENT AND SPEED.-The boat carries three torpedoes, two 
in the tubes in the bow and one in the stern tube. The torpedoes 
are discharged from the tubes by compressed air. Extra tor­
pedoes may be carried in the living room. 

The first boat of this type made, in the official trials by the 
Russian Government, a speed of 9.3 knots an hour on the surface, 
under engines and motors combined, and 8.5 knots under engines 
alone. With conning tower awash and under engines alone the 
speed was 7.4 knots; and totally submerged, under electric motors 
alone, the speed was 5.4 knots. The cruising radius on the surface 
at full speed is about 350 knots. The submerged cruising radius, 
with motors, is about 20 knots at full speed and 30 knots at eco­
nomical speed . 

. A Lake boat, with a displacement of 235 tons, is now (May, 
1907) undergoing test by the United States Government, and 
boats with 500 tons displacement are projected. 
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TABLE 1. 
LOGARITHl\1S OF THE X FUNCTIONS. 
Subtract 10 from each characteristic greater than 2. 

z logXo Jog X, log X 2 log X a log X. logX. -------
0.001 9 .03899 5.56162 6.52263 8 .73764 9.16405 8.<lOOOl 
0 .010 9.5::>911 7.05911 7.52000 9.2:52\)6 9.664J7 9.30059 
0.05 9.8867l 8.09440 8.207fi9 9.56059 0.01322 9.99778 
0 .10 0.03494 8.53009 8.49515 9.68493 0.16295 0.29663 
0.15 0.12078 8.77897 8 .65819 9.74798 0.25023 0.47060 
0.20 0.18111 8.95170 8.77059 9.78653 0.31194 0.59347 

0.25 0.22750 9.08291 8.88541 9.81206 0.35965 0.68834 
0.<l0 0.26509 9.18802 8.92293 9.82962 0.398.'51 0.76552 
0 .35 0.29661 9.27522 8.97861 9,84191 0.43127 0.83052 
0.40 0.32372 9.34942 9.02570 9.85051 0.45956 0.88660 
0.45 0.34746 9.41375 9.06630 9.85640 0.48444 0.93587 

0.50 0.36855 9.470311 9.10181 9.86028 0.50663 0.97980 
0.55 0.38750 9 . .'52077 9.13327 9.86260 0.52665 1.01937 
0.60 0.40469 9.56610 9.16141 9.8637l 0.54488 1.05539 
0.65 0.42041 9.60719 9.18678 9.86386 0.56161 1.08840 
0.70 0.43489 9.6447l 9.20982 9.86325 0.57705 1.11887 

0.75 0.44829 9.67918 9.23089 9.86201 0.59140 1.14715 
,0.80 0.46075 9.71100 9.25025 9.86027 0.60479 1.17352 
0.85 0.47241 9.74052 9.26812 9.85811 0.61733 1.1 9821 
0.90 0.48334 9.76802 9.28468 9. 85.'i62 0 ,62913 1.22143 
0.95 0.49363 9.79373 9.30010 9.85284 0.64027 1.24332 

1.00 0.50334 9.81784 9.31450 9.84984 0,65081 1.26404 
1.05 0.51255 9.84053 9.32798 9,84664 0,66082 1.28369 
LIO 0.52128 9.86193 934065 9.84329 0.67034 1.30239 
1.1.'5 0.52960 9.88217 9,35258 9.83981 0,67942 1.32020 
1.20 0.53752 ' 9.90136 9.36384 9.83623 0.68809 1.33721 

1.2.'5 0,54508 9.91958 9,37449 9.83256 0.69640 1.35348 
1.30 0.55234 9,93693 9,38459 9.82882 0.70436 1.36908 
1.3.5 0.55929 9,95346 9.39417 9,82503 0,71201 1.38406 
1.40 0.56597 9.96926 9.40329 9.82119 0.71936 1.39846 
1.45 ;' 0.57238 9.98436 9.41198 9,81732 0.72644 1.41230 

1.50 0,57856 9,99884 9.42028 9.81343 0.73328 1.42569 
1.55 0.58452 0.01272 9.42820 9,80953 0.73988 1.43858 
1.60 0 .. 59026 0,02605 9.43579 9.80561 0.74625 1.4.'5104 
1.65 0.59.'582 0.03887 9.44305 9.80169 0.75242 1.46310 
1.70 0.60119 0.05122 9.45003 9.79777 0.75840 1.47478 

1.75 0.60639 0.06311 9.45672 9.79386 0,76419 1.48608 
1.80 0.61143 0.0745'9 9.46316 9.78996 0,76981 1.49705 
1.85 0.61632 0.08567 9.46935 9.78607 0.77527 1.50770 
1.90 0.62106 0,09638 9.47532 9.78219 0.78057 1.51803 
1.95 0.62567 0,10675 9.48108 9.77833 0.78573 1.52808 

2,0 0.63015 0.11678 9.48663 9.77449 0.7907.'i 1.53788 
2.1 0.63875 0.13591 9,49717 9.76687 0.80040 1.55668 
2.2 0.64691 0.15395 9.50704 9.75939 0.80958 1.57456 
2.3 0,65467 0, 17097 9.51630 9.75193 0.81833 1.59158 
2.4 0 ,66207 0.18708 9.52501 9,74461 0,82668 1.60783 
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LOGARITHMS OF THE X FUNC'l'IONS-Continued. 
Subtract 10 fr(lm each characteristic greater than 2. 

x log X o log X, log X. logX3 log X. logX. ---
2.5 0.66914 0.20236 9.53322 9.73740 0.83467 l.62338 
2.6 0.67589 0.21687 9.54098 9.73031 0.84232 l.63824 
2.7 0.68237 0.23070 9.54833 9.72333 0.84966 l.65250 
2.8 0.68859 0.24389 9.55531 9.71641> 0.85673 l.66623 
2.9 0.69457 0.25650 9.56194 9.71)969 0.86353 1.67945 

3.0 0.70032 0.26858 9.56826 9.70304 0.87009 1.69216 
3.1 0.70587 0.28014 9.57427 9.69650 0.87642 l.70442 
3.2 0.71122 0.29124 9.58001 9.69007 0.88252 l.71627 
3.3 0.71639 0.30190 9.58551 9.68374 0.88842 l.72773 
3.4 0.72140 0.31217 9.59077 9.67752 0.89416 l.73882 

3.5 0.72624 0.32205 9.59582 9.67140 0.89970 l.74956 
3.6 0.73093 0.33159 9.60066 9.66538 0.90508 1.75997 
3.7 0.73548 0.34079 9.60532 9.65946 0.91027 l.77004 
3.8 0.73990 0.34969 9.60979 9.65363 0.91537 1.77989 
3.9 0.74419 0.35829 9.61410 9.64790 0.92037 l.78955 

4.0 0.74836 0.36662 9.61825 9.64225 0.92510 l.79872 
4.2 0.75637 0.38250 9.62613 9.63122 0.93432 1.81656 
4.4 0.76398 0.39745 9.63348 0.62053 0.94308 1.83349 
4.6 0.77121 0.41157 9.64036 9.61015 0.95143 1.84962 
4.8 0.77810 0.42492 9.64682 9.60008 0.95939 1.86500 

5.0 0.78469 0.43759 9.65290 9.59029 0.96700 1.87971 
5.2 0.79099 0.44963 9 .65864 9.58079 0 .97430 1.89379 
S.4 0.79703 0.41\110 9.66407 9 .. 57153 0.98130 1.90730 
5.6 0.80284 0.47205 9.66921 fJ.56252 0.fJ8803 1.92028 
5.8 0.80842 0.48251 9.67409 9.55375 0.99450 1.93277 

6.0 0.81379 0.49253 9.67874 9.54521 l.00074 1.94479 
6.2 0.81897 0.50213 0.68316 9.531387 1.00676 1.95640 
6.4 0.82397 0.51136 9.68738 9.52874 1.01257 1.96760 
6.6 0.82881 0.52022 9.69142 9.52081 1.01819 1.97844 
6.8 0.83349 0.52875 9.69.528 9.51306 1.02363 1.98891 

7.0 0.83801 0 .. 53698 9.69897 950549 1.02890 1.99905 
7.2 0.84241 0.54492 9.70252 9.49809 1.03402 2.00892 
7.4 0.84667 0.55259 9.70592 9.49085 1.038U8 2.01847 
7.6 0.85081 0.56000 9.70919 9.48377 1.04379 2.02776 
7.8 0.85483 0.56717 9.71234 9.47683 1.04848 2.03677 

8.0 0 .85873 0.57411 9.71538 9.47004 1.05304 2.04552 
8.2 0.86254 0.58084 9.71830 9.46341 l.05748 2.05408 
8.4 0.8662.5 0.58737 9.72112 9.45689 l.06180 2.0()240 
8.6 0.86986 0.59371 9.72385 9.45050 l.06601 2.07050 
8.8 0 .87338 0.59986 0.72648 9.44424 1.07012 2.07841 

9.0 0.87682 0.60585 9.72903 0.43800 1.07413 2.08612 
9.2 0.88017 0.01167 9.73150 9.43206 . 1.07804 2.09345 
9.4 0.88345 0.61734 9.73390 9.42614 1.08187 2.10100 
9.6 0.8866.'5 0 .62286 9.73621 9.42033 1.08560 2. 10819 
9.8 0.88978 0.62824 9.73846 9.41462 l.08926 2.11502 

10.0 0.89284 0 .63349 9.74065 9.40901 1.09283 2.12209 
10.2 0.89584 0.63860 9.74276 9.40349 1.09633 2.12882 
10 .4 0.89877 0.64360 9.74482 9.39807 1.09976 2.13540 
10.6 0.90165 0 .64848 9.74688 9.3fJ274 1.10312 2.14186 
10.8 0.Q0447 0.65324 fJ.74377 9.38749 1.10640 2. 14818 



598 ORDNANCE AND GUNNERY. 

LOGARITHMS OF THE X FUNCTIONS-Continued. 
Subtract 10 from each characteristic greater than 2. 

'" logX. log X, logX. logX. !ogX. logXa --- ---
11.0 0.90723 0 .65790 9.75067 · 9.38233 1.10963 2.15437 
11.2 0 .90993 0.66245 9.75252 9.37725 1.11279 2.16045 
11.4 0 .91259 0.66691 9.75432 9.37225 1.11589 2.16642 
11.6 0.91520 0 .67127 9.75607 9.36732 1.11~93 2.17227 
11.8 0.91776 0.67554 9.75778 9.36247 1.12192 2.17801 

no 0 .92027 0 .67972 9.75945 9.35770 1.12485 2.18364 
]2.2 0.92274 0.68381 9.70108 9.35301 1.12772 2.18916 
]2.4 0.92516 0 .68783 9.76267 9.34836 1.13057 2.19402 
12.6 0 .92754 0.69176 9.76422 9.34379 1.13335 2.19996 
12.8 0.92989 0.69562 9.76574 9.33928 1.13609 2.20522 

13.0 0.93219 0.69941 9.76722 9.33484 1.13877 2.21039 
13.2 0.93446 0.70313 9.76867 9.33045 1.14142 2.21547 
13.4 0 .93669 0.70678 9.77009 9.32613 1.14402 2.22047 
13.6 0 .93888 0 .71036 9.77148 9.32186 1.14659 2.22539 
13.8 0.94104 0.71388 9.77284 9.31766 1.14911 2.23023 

14.0 0.94317 0.71734 9.77417 9.31350 1.15159 2.23400 14.2 0.94527 0.72074 9.77547 9.30940 1.15403 2.23970 14.4 0 .94733 0 .72408 9.77675 9.30535 1.15614 2.24433 
14.6 0.94936 0 .72736 9.77800 9.30136 1.15882 2.24888 14.8 0.95137 0 .73059 9.77922 9.29741 L16115 2.25337 

15.0 0 .95334 0.73377 9.78043 9.29351 1.16346 2.25780 l.'i .2 0 .95529 0.73689 9.78160 9.28966 1.16573 . 2.26216 15.4 0.95721 0 .73997 9.78276 9.28585 1.16797 2.26647 15.6 0 .95910 0 .74301 9.78391 9.28208 1.17018 2.27073 15.8 0.96097 0 .74599 9.78501 9.27837 1.17236 2.27495 

16.0 0 .96282 0 .74892 9.78610 9.27470 1.17450 '2.27912 16.2 0.96463 0 .75181 9.78718 . 9.27107 1.17663 2.28309 16.4 0 .96643 0 .75466 9.78823 9.26748 1.17872 2.28711 16.6 0 .96820 0.75747 9.78927 9.26393 1.18078 2.29108 16.8 0 .96995 0 .76024 9.79029 9.26042 1.18282 2.29500 

17.0 0 .97168 0.76297 9.79129 9.25695 1.18483 2.29886 17.2 0.97338 0.76566 9.79227 9.25352 1.18682 2.30268 17.4 0.97.'i07 0.76831 9.79324 9.25012 1.18879 2.30645 17.6 0.97673 0.77093 9.79419 9.24676 1.19072 2.31017 17.8 0.97838 0.77351 9.79513 9.24344 1.19264 2.31385 

18.0 0.98001 0.77606 9.79605 9.24015 1.19454 2.31750 18.2 0.98161 0 .77856 9.79696 9.23689 1.19640 2.32108 18.4 0.98320 0.78104 9.79785 9.23367 1.19825 2.32463 18.6 0.98477 0.78349 9.79872 9.23048 1.20008 2.32814 18.8 0.98632 0 .78591 9.79959 9.22732 1.20188 2.33161 
19.0 0.98785 0.78829 9.80044 9.22419 1.20367 2.33504 19.2 0.98937 0 .79065 9.80128 9.22109 1.20543 2.33843 19.4 0.99086 0 .79296 9.80210 9.21803 1.20717 2.34177 19.6 0.99235 0.79527 9.80292 9.21499" 1.20891 2.34510 19.8 0.99382 0.79754 9.80372 9.21198 1.21062 2.34838 
20.0 0.99527 0 .79978 9.80451 9.20900 1.21230 2.35162 
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TABLE II. 
HEATS OF FORMATION, AT 15° C. AND NORMAL ATMOSPHERIC 

PRESSURE (760 MM). LARGE CALORIES. 

Heat given off. the product being 
Molec-

Name. Formula. ular 
Weight. 

Dis-Gaseous Liquid. Solid. solved. 
------------

Hydrochloric acid ... . HCL 36.5 22. 39.3 
Hydrobromic acid ... " HBr 81. 9.5 29.5 
Water ..... ........ . . H.o 18. 58.2 69. 70.4 
Hydrogen sulphide ... . H,.8 34. 4 .8 
Nitric acid ..... . ..... HNOa 63. 34.4 41.6 42.2 48.8 
Hyposulphurous acid .. Ho:2Oa 114. 67.2 
Sulphur dioxide ..... . S • 64. 69 .2 
Sulphur trioxide ...... SOa SO. 91.8 103.6 ]41. 
Sulphuric acid ........ H,.80, 98. 124. 124.8 
Hypochlorous acid an-

hydride ............ Cl.o 86 . -15.2 -5.8 
Perchloric acid ....... . HClO, 100.5 -30 .8 
Carbon dioxide ..... . CO2 44. 94.3 
Carbon monoxide .... . CO 28. 25.8 
Nitrous oxide ....... . N.O 44. -20 .. 6 -16.2 
Nitrogen dioxide ..... NO 30. -21.6 
Nitrons anhydride . .... N.oa 76. -22 .2 
Nitrogen peroxide .... . NO. 46. -2.6 1.8 
Nitric anhydride ...... N.06 108. -1.2 a.6 11.8 28.6 
Potassium oxide. . ... K.O 94. 97 .2 164.6 
Sodium oxide ........ Na.o 62. 100.2 145.2 
Antimonous oxide .... Sb.Os 287.2 167.4 
Antimonic oxide ....... Sb.06 329.2 228.8 
Potassium chloride .... KCl 74.6 105. 100.8 
Sodium chloride ... . .. NaCl 58.5 97.3 96.2 
Ammonium chloride . . NH4Cl 53.5 76 .7 72.7 
Calcium chloride ..... . CaCI. 110. 170. 187. 
Potassium sulphide .. . K,.8 110.2 102 .2 112.4 
Sodium s11Iphide ..... . Na,.8 78. 88.4 103.2 
Antimony sulphide ... Sblia 335.2 34 . 
AJ:Ilmonium sulphide .. (N ,).8 68. 56.8 
Potassium nitrate ..... KNOa 101.] 118.7 
Sodium nitrate ...... . NaNOs 85. 110.6 
Ammonium nitrate ... NH,NO, 80. 87 .9 
Potassium sulphate . . . K.80, 174. 342.2 
Sodium sulphate .. . .. Na

6
SO, 142. 326.4 

Potassium carbonate . . K. 0. 138. 278.8 
Sodium carbonate . ... Na2COa 106. 274.8 
Nitronaphthalene .. ... ClOH1NO. 173. -14 .7 
Binitronaphthalene ... ClOHo(NO.). 218. -5.7 
Trinitronaphthalene .. CIOH

6
(N02)a 263. 3.3 

Potassium chlorate ... KCl , 122.ft 94 .6 
Ammonia; ........... NH3 17. ]2 .2 
Nit.rogen sulphide .. . .. NS 46. -19. -25.4 -31 .9 
Cyanogen ... ........ . . CN 26. -37.3 -33.9 
Hydrocyanic acid .... . HCN 27. -29 . -23.8 23.4 
Potassium cyanide .... KCN 65. 30.3 27.4 
Acetylene ........... . C.H. 26. -61 .4 

-. 
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HEATS OF FORMATION-Continued. 

-
Heat given off, the product being 

Name, Formula. 
Mole~-

ular 
Weight. 

Gaseous Liquid. Solid. Dis-
solved. 

--_. ------- ---
Ethylene ...... . . ..... C2H. 28. -15.4 
Met.hane ............. CHi 16. 18.5 
Benzene .. . ..... ..... C.H6 78. -10 .2 -3.2 -0. 9 
Terebenthene ........ CIOH,. 136. 8.6 -17. 
Naphthalene ...... .. CIOHS 128 . -23 .7 
Anthracene .... .... .. C"H IO 178. -42.4 
Methyl al(,ohol ..... . . OHaOH 32. 53.6 62. 64. 
Ethyl a lcohol ..... . .. C2H.OH 46. 60.7 70.5 73 . 
Propyl alcohol. .. . .. . . C.H7OH 60 . 67. 70. 
PhenoL . ... ...... .. . C6H.OH 94 . 34.5 36.8 32 . 
Glycerine . . .. . . . . .... C.H.(OH)3 92. 165.5 169.4 164. 
Mennite dulcite . . . ... . C.H,.o6 172. 320. 315 . 
Glucoses and isomers .. C6H,.,06 180. 306. 303. 
Saccharose and isomerF n (CeR'20.) n(180) n(26l}.) 
Cellulose (cotton) .. . .. CeHIOO. 162. 227. 
Aldehyde .. .......... C2H.0 44. 50.5 56.5 60.1 
Ethyl nitrate ......... C2R.NO. 91. 49.3 50.3 
Nitroglycerine ........ C.H,,(N02).Oa 227. 98. 
Nitromannite .. ....... C.Hs(N03). 452. 149. 
Mercury fulminate .... C2N20 2Hg 284. -62. \1 
Nitrocellulose (N,,) ... C .. H",N 1lO .. 1143. 624. 
Nit.robenzene .. . , ..... C.H.N02 123. 4.2 6.9 
Dinitrobenzene . ..... . CeH.(N02). 168. 12.7 
Picric acid ........... CeH 2(NO.).OR 229 . 49.1 41. 
Potassium picrate . .... C6H 2(N02).oK 267 . 117.5 107.5 
Ammonium picrate . .. C.H 2(N02).ONH. 246 . 80.1 71.4 
Sodium picrate . . .... . C6H 2(N02).ONa 251. 105.3 98 .9 
Diazonitrobenzol.. . . .. C.HIiNaOa 167. -47 .4 
Ether ....... .. ... . .. (C2 N)'O 74 . 65.3 72. 78. 
Methyl nitrate ........ CH3 O. 77. 39.\1 
Dinitroglycol. ........ C,H,N.o. 152. 66.9 
Propyl glycol ........ Ca~02 76 . 127. 
}< itrocellulose (Ns)'" . c .. 3,NAO .. 1008 . 706. 
Amyl alcohol. . . ... ... C)-I"O 88. 82.3 93. 95.8 
Amyl nitrate .... ..... C.H"NO. 133. 7. 71. 
GlYCOl. . . . . . ....... . C,H,O, 62. 111.7 113.4 
Sodium oxalate . ...... (CO,Na), 134. 313.8 
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TABLE III. 

SPECIFIC HEATS. 

Specific heats referred to 

Formlila. Molecular 
Name. Weight. 

One Gram. Molecular 
Weight. 

- '--
Sulphur (fused) . ... ... , .. , .. . S. 64. 0.203 12.8 
Phosphorus ............... P, 124. 0 .190 11.8 
Arsenic . .... . .... .......... As. 150. 0.081 12.1 
Antimony ....... , ........... Sb. 244. 0.051 12.4 
Carbon .. .. , ' " .... . .......... C2 24. 0.202 4.8 
Mercury ... . , .. , .. , ....... . . . Hg 200. 0.033 32.1>6 
Lead .. . . , ................ . . Pb. 414. 0.031 13 .2 
Silver ............ . ... . .... Ag2 216. 0.057 12 .4 
Magnesia . . . .... .... . ...... MgO 40. 0.244 !)'76 
Chromic oxide .. . . . . ...... .. C1'203 152.8 0.190 29.00 
Aluminum oxide . . . . . .... . .. AlgOa 103. 0.217 22.40 
Ammonium chloride .. ... ... N ,Cl 53 . 0.373 20.00 
Potassium chloride ......... KCI 74.6 0.173 12.89 
Sodium chloride . ..... , ...... NaCI 58.5 0 .214 12 .5 
Barium chloride ... . . ..... .. BaCI. 207. 0.090 18 .6 
Calcium chloride ..... . . ... .. CaCI; 111. 0.104 18.4 
Silver chloride ...... ........ AgCI 143. 0.091 13.1 
Potassium sulphide ... . , . . , ... K,8 110. 0.091 19 .00 
Sodium sulphide . . .. , .. ' ..... Na2S 78 . 0.091 19 .00 
Iron sulphide.. . . . ........ . .FeS 88. 0 .136 11 .94 
Potassium ferro cyanide .. ... K,Fc(CN)6 430. 0.280 118.00 
Potassium nitrate ........... KNOa 101 .1 0.239 24.20 
Sodium nitrate ........ .. .. . NaN03 85. 0.278 23 .70 
Barium nit. rate . . . .. ........ Ba(NOa)2 26L 0.150 38.00 
Strontium nit.rate .. .. , '" . . .. Sr(N03). 211. 0.180 38 .00 
Lead nitrate .... , .. , ......... Pb(NO.). 330. 0.110 36.4 
Silver nitrate . . .. . .... ..... . AgN03 170. 0.143 24.4 
Ammonium nitrate . ...... .. NH,NOa 80. 0.455 36.4 
Potassium sulphate . ... , .. ... KoSO, 174. 0.190 33.2 
Sodium sulphate ... ........ . Nal'0' 142. 0.229 32 .4 
Calcium sulphate ... ......... Ca,'O. 136. 0.180 25.4 
St.rontium sulphate ....... .... SrSO, 183.5 0.140 24.8 
Copper sulphate . . .......... CuSO. 159 .5 0.134 21.4 
Potassium bichromate ........ K 2Cr.o7 294. 0 .187 36.4 
Potassium carbonate. K 2COa 138. 0.210 30.0 
Sodium carbonate .... ... . .. Na2CO. 106. 0.270 29.0 
Calcium carbonate . . . ... . . . CaCOa 100. 0 .200 21.0 
Barium carbonate . . .... ...... . RaCOa 197. 0.110 21.4 
Lead carbonate ... . ... ...... PbCO. 26C. 0.141 39.4 
Potassium chlorate . ... . ... . KCIO. 122.5 0.210 25.7 
Potassium perchlorate . . ...... KCIO, 138 .5 0.190 26 .3 
Water ... . .. ........ .... ... H.O 18. 1.000 18.0 
Nitric acid .. .. ...... .... . .. . . HNO. 63. 0.445 28.0 
Sulphuric acid . . . .. . ....... . H2SO, 98. 0.340 33.4 
Benzene ........... .. .. ...... C6HO 78. 0.440 34.0 
Alcohol. ... .. . ... ... .. . ... C2HoOH 46. 0.595 27 .3 
Glycerine .. ................. CaHs(OH). 92. 0 .591 54.4 
Antimony oxide ............ Sb20 a 287.2 0.090 25.85 
Silica ....... . ....... .. . .... Si02 60.3 0.195 11.76 
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TABLE IV. 

DENSITIES AND MOLECULAR VOLU~1ES. 

Molecular 
Molecular Density. Volume 

Name. Formula. Weifits, D M 
in c.c"15 

Sulphur ...... ..... ... . ... S2 64. 2.04 31.36 
{ 2 . 50 diamond 6.85 

Carbon .................... C2 24, 2.27 graphite 10.66 
1 .67 amorph. 15.28 

Potassium chloride .. ....... KGI 74.6 1.94 38.70 
Sodium chloride . . . " ..... NaGI 58.5 2.10 27.20 
Barium chloride .... . ..... BaCl. 207. 3.70 56.0 · 
Strontium chloride ..... , .. . 8rCI. 158.5 2 .S0 59.0 
Ammonium chloride.'- . ...... NH.Cl 53. 1.53 35.0 
Potassium nitrate ......... KNOa 101. 2.06 49.0 
Sodium nitrate ........ ... NaNOa 85. 2.24 39 .0 
Barium nitrate ........... Ba(NOa)2 261. 3.25 82.0 
Lead nitrate .. ......... .. Pb(NOa)2 330. 4.40 76.0 
Silver nitrate . . . .......... AgNOa 170. 4.35 39.0 
Ammonium nitrate ....... . .. NH.NOa SO. 1.71 41.0 
Strontium nitrate . . . ... .. . . Sr(NOa). 211. 2.93 71.30 
Potas~ium carbonate. K.COa 138. 2.26 62.0 
Sodium carbonate ........ Na2C03 107. 2.17 43.0 
Barium carbonate .. ....... . . BalOa 197. 4.30 46.0 
Strontium carbonate . . .... Sr Oa 147.5 3.62 40.0 
Calcium carbonate. . .. .,. CaCOa 100. 2.71 36.0 
Potassium sulphate . . .. . ... K ... 'lO. 174. 2 .66 66 .0 
Sodium sulphate . . . ... . ... Na.sO. 142. 2.63 . 54.0 
Barium sulphate .......... naSO. 233. 2.45 52.0 
Strontium sulphate .... .... . SrSO. 183.5 3.59 52.0 
Calcium sulphate ..... .... . CaSO. 136. 2.93 46.0 
Potassium chlorate ....... KCIOa 122.5 2.33 52.6 
Pota8sium bichromate ...... K.CrP7 294. 2.69 110.0 
Ant.imony oxide. : ........ SboOa 292. 5 .53 53.0 
Antimony sulphide. . . . . .. Sb}la 334 . 4.42 75.0 
Calcium oxide . . . . ...... CaO 56. 3.15 18.0 
Ammonium sulphate. (NH;~f:0' 132. 1.76 75.0 
Copper nitrate ........... Cu(N 3). 192. 2.03 94.5 
Merc11ric oxide ............. HgO 216. 11.14 19.38 
Potassium sulphide ......... K.s 110. 2.97 37.0 
Sodium sulphide .... . , ..... Na.s 78. 2.17 36.0 
Silica . ........ . .... ... ... .. 8;0. flO. 2.65 23.0 
Potassium cyanide ..... . . . .. KCN 65.0 1.52 43.0 
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T ABLE V. 

ATOMIC WEIGHTS. 

The atomic weightil in this table are t he Intprnational At omic Weights (1906) 
modified to make the atomic weight of hydrogen unity. . 

Element. Symbol Atomic E lement. Symbol At.omie Weight. Weight. 
~---

Aluminum .... .. ...... Al 26.9 Neoll . . ..... . .... .. . Ne 19.9 
Antimony .. . . .. ..... . Sb 119.3 Nickel . . . ... ..... . . Ni 58.3 
Argon . . . ... . ...... . A 39.6 Niobium . 0 • • ••• •. . . Nb 93 .3 
Arsenic . . . .. . ... .. . . As 74.4 Nitrogen .. . ... .. . ..... N 13.9 
Barium . . .. .. .. .... Ba 136.4 Osmium ........ . . . ... Os 189.6 
Beryllium ... . ... ..... Be 9. Oxygen .. .. ....... . .. . 0 15.9 
Bismuth . . .... .... .. Bi 206.9 Palladium . . . .. .. . ... Pd 105.7 
Boron . . .. . .. . ...... . B 10.9 Phosphorus • • 0 . 0 • •. P 30.8 
Bromine .... . ... . ... Br 79 .4 Plat inum . . .. . . .. . . Pt 193.3 
Cadmium . . .. . ...... . Cd 111.6 Potassium .... .. . ... K 38 .9 
Cre~ium . . . . .. ... .... . Cs 132. Praseodymium .. .. .. Pr 139.4 
Calcium . . . . . . .. . . .. Ca 39.8 Radium . .. . . ... .. .. Ra 223.3 
Carbon . ... .... .. .... . C 11 .9 Rhodium .. .. Ro 102.2 
Cerium . . . . . .... ... ... Ce 139. Rubidium . . ..... . .... Rb 84.8 
Chlorine .. . . . .... . .... CI 35.2 R uthenium . . ... .. ... Ru 100 .9 
Chromium. 0 •• • • • • Cr ,')1.7 Samarium . .. .... . , .. Sm 148.9 
Cobalt .. . ......... . ... Co 58.5 Scandium . . . . . .... . Sc 43.8 
Copper .. . . .. . .. ... Cu 63. 1 Selenium ... ....... . . Se 78.5 
Erbium ......... .. .... E 1M .8 Silicon ....... . .... . .. Si 28.2 
Fluorine ............ . F 18 .9 Silver . . .... . ....... Ag 107.1 
Gadolinium . ...... Gd 155. Sodium . . . . .. ... ... Na 22.9 
Gallium .. . .. .. ..... . Ga 69.5 Strontium ........... Sr 87. 
Germanium . . .. . ... .. . Ge 71.9 Sulphur . ... .... . . . .. S 31.8 
Gold • e •• • •• • 0 • • ••• Au 195 .7 Tantalum . . ... . .. . . Ta 181. 6 
Helium ... . ... . . .. .. He 4. Tellurium . . ... ... . . Te 126 ,6 
Hydrogen ........ ... .. H 1. Terbium .... ... .. .. . Tb 158 .8 
Indium .. .. ... .. . .. . I n 113. 1 Thallium .. .. .. .... .. . '1'1 202.6 
Iodine " ... .. . . ... . I 125.9 Thorium ... .. . . .. .. Th 230. 8 
Iridium .. . .. ... .... . . . Ir 191 .5 Thulium . . . . . . . .... . Tm 169 .7 
Iron .... .. . . . .... . ... Fe 5.5.5 Tin ... . . . ...... . .. . Sn 118.1 
Krypton . ........ . . Kr 81.2 Titanium . .. .. . .... Ti 47 .7 
Lanthanum .. .... . ... . La 137 .9 Tungsten .... . . .... W 182.6 
Lead .. .... ... .. • .... P b 205.4 Uranium . ......... ... U 236. 7 
Lithium . . . .. . .... . L 7. Vanad ium .. .. ... . .. V 50.8 
Magnesium . .. . .... ... Mg 24.2 Xenon .. . ......... .. . Xe 127. 
Manganese . .. ... .. .. . Mn 54.6 ytterbium . ........... Yb 171 .7 
Mercury . ...... .. . .... Hg 198 .5 Ytt.rium ............ . . Y 88.3 
Molybdenum ....... . . Mo 95.3 Zinc .... . . ... .. .. .. . . Zn 64. 9 
Neodymium .. ... ..... Nd 142 .5 Zirconium . . . .... . ... Zr 89 .9 
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TABLE VI. 
CONVERSION: METRIC AND ENGLISH UNITS, TEMPERATURES. 

ENGLISH TO METRIC. METRIC TO ENGLISH. 

To Convert Multiply by To Convert Multiply by 

Inchps to centimeters . . .. 2.539978 Cent imeters to inches. . . . 0 . 39370428 
Inches to meters. . . . . . . . .. 0.02539978 Meters to inches ......... 39.370428 
Feet to meters. . . . . . . . .. 0.3047973 Meters to feet . . . . . . . . . . . . 3 . 280869 
Yard s to meters.. . . . . . . . 0.9143918 Meters to yards. . . . . . . . .. 1 .093623 
Miles to kilometers. . . . . . .. 1.609329 Kilometers to miles ... , . .. 0.6213769 

Square inches to square Square centimeters to 
centimeters ..... .... . . 6.451484 square inches . . . . . . . .. 0 .155003 

Square feet to square me- Square meters to square 
tel's . ........... . ... . . . 0.09290138 fcet.. ......... . . . ..... . 10.76410 

Square yards to square Square meters to square 
meters . .... .......... . . 0.8361126 yards. . . . . . . . . . . . . . . . .. 1. 196011 

Cubic inches to cubic cen-
timeters ............. 16.38663 

Cubic fept to cubic meters 0.02831609 
Cubic yards to cubi~ me-

ten,. . ....... ..... .... 0.7645345 

Cubic centimeters to cubic 
inches. ..... .. .. .. .... 0.06102537 

Cubic meters to cubic feet. 35.31561 
Cubic meters to cubic 

yards. ..... . . . . . . . . . .. 1.307985 

Quarts, liquid, to liters ". . 0.9463279 Liters to quarts (liq.) ... " 1.056716 
Gallons (231 cu. in.) to 

delrnliters. . . . . . . . . . . .. 0.3785311 Dekaliters to gallons. . . .. .. 2 ,641791 

Grains to gram'S . . ..... .. 0.06479887 Grams to grains . ... ... . . 15.43236376 
Ounces (avoir.) to grams .. 28.34951 Grams to ounces (avoir.).. O. 0352739R 
Pounds (av.) to kilograms. 0.4535922 Kilograms to pounds (av.) 2.20462339 

Foot-pound s t() kilogram-
meters ....... ' . . . . . . . .. 0.1382537 

Pounds per sq. in. to kilo-
grams per sq. cent.. . ... 0.0703082 

Pounds per sq. in. to kilo: 
grams per sq. decimeter 7.03082 

Kilogrammeters to foot -
pounds. . . . . . . . . . . . . . . .. 7.233080 

Kilograms per sq. cent. to 
pounds per sq. in ... .. ... 14 .22309 

Kilograms per sq. deci-
meter to pounds per 
Sf). in.. .. .. .. .. . .. .. .. 0.1422309 

TEMPERATURES.-T/=temperature Fahrenheit; To=tcmperature centi­
grade. 

Fahrenheit to centigrade, To ;"~ (T,-32°). 

Cent.igrade to Fahrenheit, T,= ~ To + 32°. 




